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SENSITIVE SYSTEM FOR OPTICALLY DETECTING CHEMICAL AND/OR 
PHYSICAL STATE CHANGES INSIDE PACKAGED MEDIA 

[0001 J This invention relates to a sensitive system for detecting chemical and/or 
physical state changes preferably within packages, small sample volumes or highly 
viscous media containing substances or mixtures of substances. It is suitable in par- 
ticular ibr monitoring the state of foods or other perishable substances. 

[0002 1 The invention is intended according to the problem to provide a possibility 
for checkixxg the state of the particular medium in economical fashion. 

(0003] The inventive sensitive system for detecting chemical and/or physical states 
or state changes within substances or mixtures of substances is so formed that a mem- 
brane or layer sensitive to at least one state change or state monitoring is present on an 
element. Said element with the layer or membrane can be fastened replaceably on/in 
the tip of a cannula, so that the element can be disposed of after use and the rest of the 

system, that is, a cannula with an optical sensor system, can be multiply used. 

.■• . * 

[0004] The inventive system can be inserted with the slipped-on element through 
the otherwise closed package or into solid or highly viscous media, which can be done 
by piercing. The membrane or layer then located within the medium, and the optical 
sensor system can then be used to detect the particular state of at least one measurand. 

[0005] The optical sensor system is formed of at least one optical detector and a 
light source, so that optical changes on or also in the particular layer or membrane can 
be detected in dependence on the particular state in the medium. 

[0006] The hollow cannula can already alone form an optical waveguide through 
which for example light for exciting luminescence or also surface plasmon resonance 
can be directed onto the layer or into a membrane. Light reflected or emitted there can 
be redirected by such a hollow cannula onto an optical detector and the latter used to 
perform an optical evaluation for detecting the particular state or a state change in the 
package. 
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[0007] It is also possible to guide an optical waveguide through a hollow cannula, 
whereby such an optical waveguide may be at least one optical fiber. 

[0008] States or state changes can be detected by interferometry, spectroscopy or, as 
indicated above, via surface plasmon resonance or luminescence intensity changes. 

10009J It is thus also possible to detect a changing thickness of layers. 

10010) Besides the oxygen concentration within the package, which can frequently 
be a suitable indicator for the state of foods contained in packages, it is also possible to 
detect concentrations of hydrocarbons, hydrogen or not only physical parameters such 
as pressure or temperature but also the presence of water. Suitable dyes or selective 
markers can be present in or on a membrane or layer. Thus, it is possible to use dyes 
having a luminescence quenching effect under the influence of certain substances, so 
that the luminescence intensity accordingly detected with an optical detector can be a 
measure of the particular concentration of a substance. 

[0011] It is also possible to use markers or dyes that are sensitive dependently on 
temperature or pressure and which might also involve a color change. Advantageously, 
the changeable element should bear a piercing protection, a so-called pencil point, 
which protects the sensitive membrane or layer from mechanical influences. 

[0012] The membrane or layer to be used according to the invention can also have 
been foimed directly on a fiber optic system or optic. 

[0013] Membranes or layers can also have been accordingly fixed to the element 
with the help of an adhesive film or be immobilized direcdy in the element. 

[0014] Calibrations can be performed when the package is being closed or inside 
closed calibrating vessels by adjusting specific changes of the measurand, for example 
by vacuums or excess pressures, by supplying a calibrating gas or with specific tem- 
perature variation. 
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[0015] The membranes or layers to be used according to the invention can also have 
applied thereto optical or chemical protective layers, for example to reduce reflections 
or the influence of moisture. 

[0016] Aggressive media, such as acids, can also be reduced in their influence by 
means of a chemical protective layer. 

[0017] Thus, layers permeable to the corresponding substances (fluids/gases) to be 
measured can advantageously be formed. These may be metal layers of corresponding 
thickness, preferably noble metal layers, particularly preferably silver layers. 

[001 8 J An especially suitable chemical protective layer has proved to be PTFE lay- 
ers or P TFE-based layers, metallic layers or dielectric layers. 

[0019] Within limits, the elements with membrane and layer can also be disinfected 
or sterilized, which can be done by autoclave treatment or irradiation with gamma 
rays. This makes it possible to obtain multiple use within certain limits. 

{0020) The inventive system permits detections without any consumption of the 
particular substance during detection being observed, so that measurements can also be 
done in extremely small volumes over long time periods without any corresponding 
systematic measuring errors being observed. 

[0021] Short time constants and response times can be obtained, and no additional 
elements are required for removing the medium under measurement (fluid/gas) from a 
package 

[0022] Hereinafter the invention will be explained more closely by way of example. 
[0023] The figures are described as follows: 

Figure I a sectional view of a bottom portion of an element to be used on an inven- 
tive system; 

Figure 2 an example in a sectional view of an element (upper portion) to be used on 

an inventive sensitive system; 
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Figure i a further example of an element (upper portion) to be used on an inventive 

system; 

Figure 4 a schematic representation of an inventive sensitive system; 

Figure 5 a section for an example of a piercing protection which can be used on an 

inventive system, and 

Figure 6 a further example of a piercing protection. 

[0024] Figure 1 shows a sectional view through a bottom portion of an element 3 

* 

which can be used on an inventive system. 

[0025] Here, the element 3 is formed obliquely inclined on the front face, and on the 
opposite face there is a connecting element 10, which should advantageously be 
formed as a Luer lock connection. 

[0026] A cannula 2 or the element (3) can be completely hollow inside, in which 
case it is advantageous if the inner surface is formed to reflect electromagnetic radia- 
tion or provided with a coating suitable therefor. 

[0027] In a form not shown, optical elements can also be disposed inside the can- 
nula 2. Possible elements to be used here are different optical waveguides 5, for exam- 
ple optical fibers or also optical imaging elements, such as GRIN lenses. 

[0028] Figures 2 and 3 show two examples of elements 3 connectable to a cannula. 
The upper portion of element 3 is shown. The connectable elements 3 can be simply 
slipped on a cannula 2 from above and then optionally locked. 

[0029] With the elements 3 shown in Figures 2 and 3, an optical element 6 provided 
with a sensitive membrane or layer is disposed on the upper face of each such element 
and preferably connected to the element 3 in material-locking fashion. 

[0030] Here, the optical element/part 6 may be an optically transparent carrier 
which is formed for example of a glass on which a sensitive membrane or layer 1 has 
been formed. 
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[0031] The sensitive membrane or layer 1 may also, in contrast to the representation 
in Figures 2 and 3, form a single element with the optical element, whereby at least the 
outwar dly pointing area of such an element must be sensitive and can perform the 
function of a sensitive membrane or layer 1 . 

[0032] The material-locking connection can be formed in different ways, for exam- 
ple by bonding or soldering, or also as a fused joint. 

(0033] It is in particular advantageous to provide in the example according to Figure 
2 in favorable fomi an element with which organic components can be completely 
omitted in the production of the material-locking connection. Here, on the element 3, 
the element 3 hollow in the inside for being slipped on a cannula 2 a glass plate as an 
optical element 6 can be placed on, and the glass is heated by a heat treatment to such 
an extent that a fused joint is formed. Subsequently a sensitive membrane or layer 1 
can then be formed on the outer surface. 

[0034] In the example shown in Figure 3, the optical element 6 has been received 
inside the element 3 connectable to the cannula 2. 

» 

[0035] In a form not shown, the optical element 6 can also be at least one optical 
waveguide, for example optical fiber, or also an optical imaging element or a system 
of optical imaging elements, such as a GRIN lens. 

[0036] Figure 4 shows in schematic form an example of an inventive sensitive sys- 
tem. 

[0037] Here, a cannula 2 is connected to an optical sensor system 4, with an optical 
waveguide 5 being guided through the cannula 2. 

[0038] The two form a one-piece structure and can be multiply used. 

[0039] For at least a single detection, an element 3 with a piercing protection 8, 
which can also be designated a pencil point, can then be slipped on the cannula 2. 

[0040] Such an element 3 with a piercing protection 8 can also have present thereon 
a connecting element 10, which can likewise be formed as a Luer lock connection, for 
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connecting the element 3 with the optical sensor system 4 and for positioning a fixa- 
tion of the element 3 with piercing protection 8 and a membrane or layer 1, not recog- 
nizable here, disposed inside the piercing protection 8. 

(0041) The piercing protection 8 has present thereon at least one opening 9 through 
which a medium under measurement can enter inside for detection with the sensitive 
membrane or layer 1 . Figure 5 shows a possible arrangement of a sensitive membrane 
or layer 1 within a piercing protection 8. Here, the sensitive membrane or layer 1 is 
disposed below the opening 9 and a corresponding cavity present within the piercing 
protection 8 above the sensitive membrane or layer 1 for receiving the particular me- 
dium under measurement, substance or mixture of substances, so that the latter can 
come hi direct contact with the sensitive membrane or layer 1 . 

[00421 In the example of a piercing protection 8 shown in Figure 6, which, as also 
in the examples shown in Figures 4 and 5, can be an element 3 connectable to the other 
parts of the inventive system, a sensitive membrane or layer 1 is disposed above an 
opening through which medium under measurement, substance or mixture of sub- 
stances can enter. 

[0043J The space above the sensitive membrane or layer 1 is filled in this example 
with a filler 7 to avoid a possible dead volume. 



